Labisia pumila (Myrsinaceae) is popularly known in Malaysia as Kacip Fatimah and has been traditionally used by the Malay women for many generations as a herbal medicine for the induction and facilitation of childbirth, treatment of menstrual disorders, and as a postpartum medicine [1] [2] [3] [4] [5] [6] [7] . There are three known varieties of Labisia pumila, which are locally known as Kacip Fatimah: Labisia pumila var. alata, Labisia pumila var. pumila, and Labisia pumila var. lanceolata [3] [4] [5] . The roots or whole plant is usually boiled, and the water decoction is taken as a drink. The results of a previous study showed uterotrophic effects and the regulation of body weight [8] for water extracts of L. pumila var. alata. The reported findings indicated that water-based extracts of L. pumila did not display any significant reproductive toxicity or complication during pregnancy and delivery in rats [1] . In spite of the wide usage of this plant as a traditional herb, no thorough phytochemical investigation was previously available. Recently our group isolated triterpene saponins and alkenated phenolics from Labisia pumila [9] which have been used to develop the method described in this article. Until now no method has been developed for the phytochemical analysis of L. pumila. This article provides a simple, precise LC-UV/ELSD analytical method that was developed for the simultaneous detection and quantification of ardisicrenoside
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Labisia pumila (Myrsinaceae) is popularly known in Malaysia as Kacip Fatimah and has been traditionally used by the Malay women for many generations as a herbal medicine for the induction and facilitation of childbirth, treatment of menstrual disorders, and as a postpartum medicine [1] [2] [3] [4] [5] [6] [7] . There are three known varieties of Labisia pumila, which are locally known as Kacip Fatimah: Labisia pumila var. alata, Labisia pumila var. pumila, and Labisia pumila var. lanceolata [3] [4] [5] . The roots or whole plant is usually boiled, and the water decoction is taken as a drink. The results of a previous study showed uterotrophic effects and the regulation of body weight [8] for water extracts of L. pumila var. alata. The reported findings indicated that water-based extracts of L. pumila did not display any significant reproductive toxicity or complication during pregnancy and delivery in rats [1] . In spite of the wide usage of this plant as a traditional herb, no thorough phytochemical investigation was previously available. Recently our group isolated triterpene saponins and alkenated phenolics from Labisia pumila [9] which have been used to develop the method described in this article. Until now no method has been developed for the phytochemical analysis of L. pumila. This article provides a simple, precise LC-UV/ELSD analytical method that was developed for the simultaneous detection and quantification of ardisicrenoside B (1), ardisiacrispin A (2), 3-O-α-L-rhamnopyranosyl-(1 → 2)-β-D-glucopyranosyl-(1 → 4)-α-L-arabinopynanosyl cyclamiretin A (3), and ardisimamilloside H (4), and three alkenated-phenolics [irisresorcinol (5) , belamcandol B (6), demethylbelamcandaquinone B (7)] (l " Fig. 1 ) from L. pumila. Four triterpene saponins (1-4) were analyzed by an LC-ELSD method and three alkenated-phenolics by an LC-UV method at 210 nm (5-7). The compounds were numbered according to their order of elution. In the present work, the developed method can also be used for chemical fingerprinting analysis of Kacip Fatimah and is suitable for the quality control of various commercial samples. The LC-ESI-TOF analysis was
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This study describes the first analytical method for the determination of four triterpene saponins (ardisicrenoside B, ardisiacrispin A,
L-arabinopynanosyl cyclamiretin A and ardisimamilloside H) and three alkenated-phenolics (irisresorcinol, belamcandol B, and demethylbelamcandaquinone B) from the leaves, leaves/ stems, and roots of Labisia pumila using an HPLC-UV-ELSD method. The separation was achieved using a reversed-phase (C-18) column, PDA and ELS detection, and a water/acetonitrile gradient as the mobile phase. The major triterpenoid (ardisiacrispin A) and irisresorcinol compounds were detected at a concentration as low as 10.0 and 0.2 µg/mL, respectively. Analysis of various samples showed considerable variation of 0.11-2.46 % for the major triterpenoid compound, ardisiacrispin A. LC-mass spectrometry method coupled with electrospray ionization (ESI) is described for the identification of compounds in plant samples. 
Materials and Methods
!
Instrumentation and chromatographic conditions
LC-UV analysis: The HPLC system consisted of a Waters Alliance 2695 HPLC system, equipped with a 996 photodiode array detector (Waters Corp.) and ELS detector, as well as a computerized data station equipped with Waters Empower 2 software and a Sedex (SEDERE) model 75 ELSD. A Luna C18 (2) column (150 × 4.6 mm; 5 µ particle size) from Phenomenex was used as the stationary phase and temperature maintained at 40°C. The column was equipped with a 2-cm LC-18 guard column (Phenomenex). The mobile phase consisted of water (0.1% acetic acid) (A), acetonitrile (0.1 % acetic acid) (B) at a flow rate of 1.0 mL/min, that were applied using the following gradient elution: 0 min, 70 % A: 30 % B increased in the next 30 min to 100 % B employing a slightly concave gradient profile (Waters curve type 7). Each run was followed by a 5-min wash with 100 % B and an equilibration period of 15 min. The ELS detector was set up with a probe temperature of 40°C, at gain 11.0 and the nebulizer gas (nitrogen) adjusted to 3.5 bar. The UV detection wavelength was 210 nm for alkenatedphenolics. Ten microliters of sample was injected, and peaks were assigned by spiking the samples with standard compounds and comparison of the UV spectra with those of standards.
Liquid chromatography/mass spectrometry (LC-ESI-TOF)
The liquid chromatograph used was an Agilent Series 1100 comprised of the following modular components: quaternary pump, a vacuum solvent microdegasser, an autosampler with 100-well tray. The mass spectrometric analysis was performed by using the LC-ESI-TOF (Model # G1969A; Agilent Technologies) equipped with an ESI source. All acquisitions were performed under positive ionization mode with a capillary voltage of 3000 V. Nitrogen was used as the nebulizing gas (30 psig) as well as the drying gas at 11 L/min at a temperature of 350°C. The voltages of PMT, fragmentor, and skimmer were set at 850 V, 100 V, and 60 V, respectively. Full scan mass spectra were acquired from m/z 200-1300. Data acquisition and processing was done using the Analyst™ QS software (Agilent Technologies). Separation was achieved on a Luna C18 column; 150 × 4.6 mm I. D.; 5 µm particle size (Phenomenex). The column was equipped with a guard column (Supelco). The mobile phase consisted of water with 0.1 % formic acid (A), and acetonitrile with 0.1 % formic acid (B) at a flow rate of 0.5 mL/min, with the following gradient elution: 0 min, 75% A/25 % B to 100% B over 15 min. Each run was followed by a 5-min wash with 100 % B and an equilibration period of 11 min with 75 % A/25% B. The total run time for analysis was 15 minutes. Ten microliters of the sample was injected, and peaks were assigned with respect to the mass of the compounds and comparison of the retention times.
Chemicals and plant samples
The standard compounds (1-7) were isolated at the National Center for Natural Products Research (NCNPR); their identity and purity were confirmed by chromatographic (TLC, HPLC) methods, by the analysis of the spectroscopic data (IR, 1D-and 2D-NMR, HR-ESI-MS), and comparison with published spectroscopic data [9] . The % purity of these compounds was calculated as 97. 
Standard solutions
Individual stock solutions of standard compounds were prepared at a concentration of 1.0 mg/mL in methanol. The calibration curves were prepared at five different concentration levels. The range of the calibration curves was 25-250 µg/mL for compounds 1-2 and 10-250 µg/mL for compounds 3-4 by LC-ELSD method, 0.7-150 µg/mL for compounds 5-7 by LC-UV method at 210 nm. l " Table 1 shows LC-UV-ELSD calibration data, calculated limits of detection, and limits of quantification.
Sample preparation
Dry plant samples (500 mg) were sonicated in 2.5 mL of methanol for 30 min followed by centrifugation for 15 min at 3500 rpm. The supernatant was transferred to a 10-mL volumetric flask. The procedure was repeated thrice and respective supernatants were combined. The final volume was adjusted to 10.0 mL with methanol and mixed thoroughly. Prior to injection, an adequate volume (ca. 2 mL) was passed through a 0.45-µm nylon membrane filter (Whatmann). The first 1.0 mL was discarded and the remaining volume was collected in an LC sample vial. Each sample solution was injected in triplicate. Similarly, the plant samples were also prepared in water.
Validation procedure
The newly developed HPLC method was validated in terms of precision, accuracy, and linearity according to ICH guidelines [10] . The limit of detection (LOD) and limit of quantification (LOQ) were determined by injecting a series of dilute solutions with known concentrations. Limit of detection (LOD) and limit of quantification (LOQ) were defined as the signal-to-noise ratio equal to 3 and 10, respectively. The accuracy of the assay method was evaluated in triplicate using two concentration levels. Intraand inter-day variation of the assay was determined on 3 consecutive days with 3 repetitions each.
Supporting information
UV spectra of compounds 5-7 are available as Supporting Information.
Results and Discussion
!
Optimal chromatographic conditions were determined by using different mobile phases with various reversed-phase C18 columns. The different columns evaluated for HPLC were: Luna 5 µ C18(2), Luna 5 µ C8(2), Lichrospher 5 RP18, Discovery C18, and Gemini 5 µ C18 with the best results being obtained with a Luna C18(2) stationary phase from Phenomenex. Most of the column materials [Discovery C18, Luna 5 µ C8(2), Lichrospher 5 RP18, and Gemini 5 µ C18] tested could not resolve compounds 3 and 4. The best results were observed with the Luna C18 column (150 mm × 4.6 mm I. D., 5 µm) using water and acetonitrile, both containing 0.1 % acetic acid as the mobile phase. The mobile phase composition contained an acidic adjuvant to improve the peak symmetry of all compounds. The column was used at 40°C with a flow rate of 1.0 mL/min and an injection volume of 10 µL. The five point calibration curve for compounds 5-7 showed a linear correlation between concentration and peak area. l " Table 1 shows the calibration data for all seven compounds, including the regression equation, correlation coefficient (r 2 > 0.999), LOD, and LOQ. Using regression analysis, calibration curves for compounds 1-2 (25-250 µg/mL), compounds 3-4 (10-250 µg/mL), and compounds 5-7 (linear range from 0.7-150 µg/mL) was established, with UV signals following a linear response between concentration and peak area. The ELSD response had an exponential relationship (log of response versus log of concentration was linear) and was a function of mass. The limits of detection and limits of quantification for all seven compounds were found to be in the range from 0.2-10 µg/mL and 0.5-25 µg/mL, respectively. All standards and samples were injected in triplicate. The specificity of the method was determined by injecting individual samples, wherein no interference was observed for any of the components. The chromatograms were checked for the appearance of any extra peaks. The purity of the chromatographic peaks was found to be satisfactory. The RSD of assay results obtained in the inter-day and intraday study (l " Table 2 ) was within 5.0 %. It was performed three times on three different days, and each sample was injected in triplicate. Multiple injections showed that the results are highly reproducible and showed a low standard error. The within-day RSD for the replicates were between 0.10 and 3.65 % for compounds 1-7 using HPLC-UV/ ELSD method, respectively. The RSD for the day-to-day replicates were between 0.04-1.60 % using the developed HPLC method for compounds 1-7 (l " Table 2 ). The accuracy of the method was determined for the related compounds by spiking sample (LP-1) with a known amount of compounds 1-7. The plant sample (LP-1) was exhaustively extracted four times as described in the "sample preparation" section and dried then spiked with known amounts of the standard compounds at two different concentrations, extracted again then analyzed under optimized conditions. The accuracy of the assay method was evaluated in triplicate at two concentration levels, 25 and 50 µg/ml of standards in the sample. The percentage recovery in the samples ranged from 97.0 to 104.5 %.
In an attempt to provide chemical markers for this herbal medicine, a phytochemical investigation of this plant was undertaken, leading to the identification of four triterpenes (1-4) and three alkenated-phenolics (5-7). The use of a PDA detector made it possible to obtain the UV spectra for compounds 5-7 (Fig. 1S) .
All plant samples (commercial and authenticated) were analyzed for the determination of triperpene saponins and alkenated-phenolics (l " Fig. 2 to Fig. 4) . The identification of these compounds in L. pumila samples was based on the retention times and comparison of UV spectra with those of standards. Spiking sample with standard compounds performed a further confirmation assay. It was reported that the water decoction of the roots were consumed traditionally by Malay women for induction of labor, the water and methanolic-based extracts of roots, leaves/stems, and leaves were carried out for analysis of L. pumila samples. Roots contained the highest amounts of compounds 1-7, compared to leaves and leaves/stems samples. All samples showed the presence of major compound 2, which is mainly responsible for utero-contraction activity [11] . l " Table 3 shows the variations in concentrations of triperpene saponins and alkenated-phenolics in all samples of L. pumila. Compound 2, a major triterpene, was present in the range from 0.11-2.46 % and 0-0.94 % in extracts of L. pumila samples. The amounts of other triterpenes (compounds 1, 3, and 4) were in the range from 0-0.13 %, 0-0.15 %, and 0-0.14 %, respectively, in all samples of L. pumila. The content of 5-7 was present in levels from 0.04-0.47 %, 0.02- 
, ardisimamilloside H (4) and three alkenated-phenolics, irisresorcinol (5), belamcandol B (6), and demethylbelamcandaquinone B (7). b 0.85 %, and 0.01-0.27 %, respectively, in the methanolic extracts of L. pumila samples. Compounds 1-4 were not detected in the water extracts of authenticated samples from L. pumila leaves and compounds 6 and 7 were below the limits of quantification levels for these same samples. Compounds 5-7 were in the range of DUL-0.09 %, 0-0.14 %, and DUL-0.03 %, respectively, for all water extracts of Labisia samples. + . These ions were ascribed to the loss of sugar and water from the triterpene skeleton (l " Table 4 ). The retention times and selective mass spectra of plant samples exactly matched with the corresponding standard compounds. In conclusion, the newly developed HPLC-UV-ELSD method was found to be capable of the simultaneous determination of triterpenes and alkenated-phenolics from the leaves, leaves/stems, and roots of L. pumila. Ardisiacrispin A (compound 2) was found to be a major compound for all samples analyzed. The developed method is simple, economic, and especially suitable for quality control analysis of commercial products. 
, ardisimamilloside H (4), irisresorcinol (5), belamcandol B (6), and demethylbelamcandaquinone B (7). Table 3 Content (%, w/w) of triterpenes and alkenated-phenolics from methanol and water extracts of L. pumila samples using an LC-UV/ELSD method. 
